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ABSTRACT 
Sine current screening CCFR and sine flux screening core loss tests were 
made on part of the test program materials. Square wave CCFR tests at 
400, 800, 1600, and 3200 cps were made on part of the test materials. Re- 
sults are tabulated. A description of the annealing treatments for the mater- 
ials, the equipment check out problems, the program drawings and the 
toroidal core description are given. A proposed change in shock testing is 
discussed. The noise testing facilities are discussed. 
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SECTION I 
INTRODUCTION 
The objective of this contract is to obtain improved magnetic components for 
static inverters and converters. 
The magnetic materials, electrical conductors and insulations, and inter- 
laminar insulations used in magnetic components specifically will be evaluated. 
The literature is to be reviewed for pertinent data on materials for magnetic 
components. The environmental conditions to be considered are temperature, 
radiation, vacuum, shock, vibration, and noise. Operational conditions are 
to include sine wave and square wave excitation in the frequency range of 400 
to 3200 cps. The magnetic materials to be evaluated a re  magnetic field an- 
nealed 49% C0-2% V-49% Fe; doubly grain-oriented, silicon steel (with and 
without a magnetic anneal); single grain-oriented, silicon steel; square loop 
79% Ni-4% Mo-17% Fe; and oriented 50% Ni-50% Fe. The effects of process- 
ing are also to be evaluated. 
The magnetic properties to be measured with square wave excitation are a-c 
core loss, a-c apparent core loss, a-c hysteresis, and constant current flux 
reset points (T, AT, DAT, SAT). The d-c magnetic properties to be meas- 
ured are B vs. H curves and d-c hysteresis major loops. 
Optimum materials and processing for magnetic components are to be se- 
lected. 
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SECTION 11 
MATERIAL TESTING 
The toroidal cores of 0.002?' and 0. 004T7 Square Permalloy 80, Hy-Ra 80, 
Hipernik V, Square Orthonol, and the 0. 0027t Supermendur were screened 
using sinusoidal current at the conditions specified in Tables I through V. 
The cores selected for further testing were screened on the basis of the 
highest G, gain, of two out of three cores. The square wave properties of 
Core No. 22, 0.002't Hy-Ra 80, at 800, 1600, and 3200 cps are  still to be 
obtained. The other materials were tested using square wave excitation. 
In some cases extra tests, using square wave excitation were made to al- 
low for a comparison between sine and square wave excitation at 400 cps. 
There is no consistent difference in properties between sinusoidal and 
square current conditions. The 0.0 2" Square Permalloy 80 showed the 
best T, squareness ratio, of 0.99 was exhibited by the 0. 0047t Square 
Orthonol and Hipernik V. In general, the G, gain, decreases with increas- 
ing frequency. Additional material 0.002" and 0.004T7 Magnesil, 0. 004vT 
Supermendur and 0. 0OZ7' and 0.006" Cubex (regular and magnetic field 
annealed) will be tested for CCFR properties. 
highest average G (gain), 10.26 x 1 B , using square wave current. The 
The screening sine flux core loss tests on 0. 002T1 and 0.004" Magnesil are 
shown in Table VI. The selection of the two out of three samples for further 
testing from each thickness will be based on the lowest core loss. The 
0.002" and 0.006" Cubex, regular and magnetic annealed, will also be 
screened for core loss at 400 cps. 
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SECTION I11 
ANNEALING TREATMENTS 
The annealing treatments for the various magnetic materials are as follows: 
Material 
Square Permalloy 80 
Hy-Ra 80 
Square Orthonol 
cubex 
Hipernik V 
Magnesil 
Supermendur 
Annealing Treatment 
1160T!, 4 hrs. cool @ 5 "C/min. 
Dry hydrogen atmosphere. 
1040Y2, 1.5 hrs. cool @ 7.5"C/min. 
Dry hydrogen atmosphere. 
Regular anneal, 9OO"C, 1.5 hrs., 
exit dewpoint -45°C. Hydrogen 
atmosphere. 
1175"c, 4 hrs., exit dewpoint -5O"C, 
hydrogen atmosphere. Furnace cool to 
9OOT, air quench. 
800°C, 1 hr., hydrogen atmosphere, 
exit dewpoint -45°C. 
850"c, 2 hrs., cool 3"C/min. Hydrogen 
atmosphere. 
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SECTION I V 
EQUIPMENT CHECK OUT 
Considerable difficulty was encountered with the CCFR test equipment and 
the square wave power supply. An amplifier was modified to reduce low 
level line transients in CCFR testing. The d-c power supply for CCFR 
tests was modified to improve resolution at low voltage. A ground loop con- 
dition in the CCFR test equipment was eliminated by rearranging the test 
equipment into different modules, by proper grounding, and also insulation 
from ground. 
The high voltage transformer in the square wave power supply was rewound 
after a short developed due to improper initial winding of the transformer. 
A battery supplied integrator for the CCFR test equipment was designed to 
reduce excessive line transients. A capacitor was eliminated to reduce 
voltage over shoot. 
The volt-second capacity of the square wave power supply was increased in 
order to provide reset at 3200 cps for CCFR testing. 
WMD 65.443- 10 
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SECTION V 
PROGRAM DRAWINGS 
Drawings of laminations and test fixtures have been made. This material 
is in process. 
In Figure 1, the core box for the center leg of the double window transformer 
laminations is shown. A micarta insert is used to prevent the core box from 
affecting the test results. The windings on the double window transformer 
laminations for the degradation testing will only be wound on the center leg. 
In Figure 2, the Rowland ring laminations are shown. The rings are burr 
ground before coating. The rings are coated with aluminum orthophosphate 
after annealing. 
The clamping arrangement for the Rowland rings which will be pressed to 
150 psi before clamping is shown in Figures 3 and 4. The 150 psi pressure 
is typical for C cores. The Rowland rings will be clamped during exposure 
to a temperature of 250°C and a vacuum of 10-6 torr. 
The double window laminations are shown in Figure 5. The laminations are 
burr ground and then annealed. They a re  coated with aluminum orthophos- 
phate after annealing. 
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FIGURE 2. Rowland Ring Lamination Drawing 
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SECTION V I  
TOROIDAL CORE DESCRIPTION 
The tape wound toroids are enclosed in an aluminum core box with a glass 
epoxy insert to provide a break in the electrical path. The cores are-GVB 
epoxy insulated by Magnetics, Inc., with a breakdown voltage of 1,000 volts. 
The cores are silicone oil filled. The cores are hermetically sealed by the 
mechanical and epoxy seal. The wound tape has an outside diameter of 
3. 890" and an inside diameter of 3.256", 1" height. 
WAED 65.443-17 
SECTION V I 1  
GENERAL PROGRESS 
A recommendation was made to the NASA Program Manager to use Polaroid 
film with a dual beam scope instead of a high speed movie camera for re- 
cording the changes to the a-c hysteresis loop during shock testing. The 
a-c hysteresis loop would be photographed as well as the shock wave form. 
A slight reduction in the cost of the program would result. 
The acoustic noise facility at North American Aviation, Columbus, Ohio 
was visited. A quote for their work was received. Questions arose about 
their capabilities to produce the noise spectrum below 200 cps. Their 
capability is being investigated in this area and a traverse of their noise 
spectrum was sent to the NASA Program Manager. 
Two special vibration test fixtures were prepared for the vibration tests. 
Special racks were made for one of the vacuum chambers to be used, and 
strip heaters were ordered for the furnace. 
WAED 65.443-18 
SECTION VI11 
PLANS FOR FUTURE WORK 
The remainder of the magnetic material will be obtained. The testing of 
magnetic material will continue. The degradation and vacuum tests will 
initiated. 
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SECTION IX 
APPENDIX A 
SYMBOIS AND DEFINITIONS 
WAED 65.443-20 
Symbols and Definitions 
PART I 
A. Symbols Used in Magnetic Testing* 
- Normal induction, magnetic induction, or magnetic flux density 
- Remanent induction 
- Remanence 
- Maximum induction in a hysteresis loop 
- Residual induction 
- Saturation induction 
- Magnetizing force, magnetic field strength 
- Coercive force 
- Coercivity 
- Total core loss 
- Normal hysteresis loss 
- Eddy current loss 
- Normal permeability 
- Incremental permeability 
- Maximum permeability 
- Initial permeability 
*See page WAED 65.443-23 
B. Definitions of Terms Used in Magnetic Testing* 
Coercive Force, Hc 
The d-c magnetizing force a t  which the magnetic induction is zero when 
the material is in a symmetrically cyclically magnetized condition. 
Coercivity, Hcs 
The maximum value of coercive force. 
Core Loss (Total), P, 
The power expended in a magnetic specimen in which there is a cyclically 
alternating induction, normally sinusoidal. 
Eddy Current LOSS, Normal, Pe 
That portion of the core loss which is due to induced currents circulating 
in the magnetic material subject to a symmetrically cyclically magnetized 
excitation , 
Hysteresis Loss, Normal, Ph 
The power expended in a ferro-magnetic material, as a result of 
hysteresis whenthe material is subjected to a symmetrically cyclically 
magnetized excitation, 
Inducation, Normal, B 
The maximum induction, in a magnetic material that is in a summetri- 
cally magnetized condition. 
Induction, Remanent, Bd 
The magnetic induction that remains in a magnetic circuit after the 
removal of an applied magnetomotive force. 
Induction, Residual, Br 
The magnetic induction corresponding to zero magnetizing force in a 
magnetic material that is in  a symmetrically cyclically magnetized condition. 
*See page WAED 65.443-23 
WAED 65.443-22 
E 
Induction, Saturation, Bs 
The maximum intrinsic induction possible in a material. 
Magnetizing Force (Magnetic Field Strength), H 
That magnetic vector quantity a t  a point in a magnetic field which 
measures the ability of electric currents or magnetized bodies to produce 
a magnetic induction at the given point. 
Permeability, Incremental, PA 
The ratio of a cyclic change in magnetic induction to the correeponding 
cyclic change in magnetizing force when the mean induction differs from zero. 
Permeability, Initial, u 
magnetizing force, H, is reduced to zero. 
Permeability, Maximum, Um 
The limiting value approached by the normal permeability as the applied 
The maximum value of normal permeability for a given material. 
Permeability, Normal, 
The ratio of the normal induction to the corresponding magnetizing 
force. 
Remanence, B b  
the magnetic circuit. 
The maximum value of the remanent induction for a given geometry of 
*ASTM STANDARDS, PART 8, 1964, ASTM Designation: A 350-64, 
"Standard Definitions of Terms, Symbols, and Conversion F'actors Relating 
to Magnetic Testing. '' 
WAED 65.443-23 
PART I1 
A. Symbols Used in CCFR Testing of Toroidal Magnetic Amplifier Cores. * 
A T  - S a m e a s H 1  
Bm 
2% 
Br 
- Peak induction o r  peak flux density 
- Maximum flux density swing 
- Residual induction or residual flux density 
Bm-Br - Squareness 
- Br - Squareness ratio 
B, 
A B - Delta induction or  delta flux density 
A - Deltainduction, fixed 
A B1 - Deltainduction, fixed 
A B2 - Delta induction, fixed 
CCFR - Constant current f lux reset 
DAT - Same asAH 
G - Gain 
Hm - Peak magnetizing force 
HO - Magnetizing force, dependent 
H1 - Magnetizing force, dependent 
H2 - Magnetizing force, dependent 
A H - Incremental magnetizing force 
SAT - S a m e a s h  
Br T - Same as- 
Bm 
*See page WAED 65.443-27 
WAED 65.443-24 
B. Definitions Used in CCFR Testing of Toroidal Magnetic Amplifier 
Cores. * 
Constant Current Flux Reset, CCFR 
This test employs an excitation current consisting of half-wave sine 
current pulses of sufficient and constant magnitude to drive the core flux 
into positive saturation. A direct- current magnetizing force of adjustable 
magnitude is applied to the core so as to reset the magnetic flux away from 
positive saturation during the intervals between pulses of excitation current. 
The resultant cyclic flux change is measured by means of a sensitive flux 
voltmeter connected to a separate pickup winding on the core. 
Flux Density Swing, Maximum; 2B, 
The maximum flux density swing equal to the absolute total value of 
positive and negative peak induction or 2 &n. (2 = 2 SAT) 
Gain, G 
G =  A B 2  - ABI , a measure of loop steepness in terms of incrementa 
. A H  
permeability. 
Induction, Delta (Delta Flux Density); A B  
Delta induction is the change in induction (flux density) when a core is 
in a cyclically magnetized condition. 
Induction, Fixed Delta;  AB^, A Bo, A B2 
1. A B1 - delta induction equal to one third of 2 Bm, maximum flux 
density swing. 
2. A Bo - delta induction equal to one half of 2 Bm, maximum flux 
density swing. 
3. A B2 - delta induction equal to two thirds of 2 %, maximum 
flux density swing. 
*See page 'WAED 65.443-27 
WAED 65.443-25 
Induction, Residual (Residual Flux Density), B, 
Residual induction is the magnetic induction at which the mggnetizirrg 
force is zero while the material is cyclically magnetized with a half-wave 
sinusoidal magnetizing force of a specified peak magnitude. (This definition 
differs from the standard definition which requires symmetrically cyclicaLly 
magnetized conditions). 
Induction, Peak (Peak Flux Density), Bm 
Peak induction is the magnetic induction corresponding to the peak 
applied magnetizing force. The peak induction will usually be slightly less 
than the true saturation. (Bm = SAT) 
Magnetizing Force, Dependent; HI, %, Hz 
1. H1 - The d-c reset magnetizing force required to produce a 
cyclic change of induction A B1 (HI = AT). 
2. 
3. 
HO - The d-c reset magnetizing force required to produce a 
cyclic change of induction A Bo (Ho = AT + 1/2 DAT). 
H2 - The d-c reset magnetizing force required to produce a 
cyclic change of induction A B2 (HZ = AT + DAT). 
Magnetizing Force, Incremental; A H 
The incremental change in magnetizing force equal to H2 - HI. 
( A H = D A T )  
Magnetizing Force, Peak; Hm 
Peak magnetizing force is the maximum value of applied magnetomotive 
force per mean length of path of the core. 
Squareness; - Br 
The delta B induction change between the peak induction, Bm, and the 
residual induction, Br. 
WAED 65.443-26 
Br 
s, 
I The ratio of residual induction, Br, over peak induction, €3, 
B m - B ,  
Bm 
I 
1 
*Where applicable, AIEE, No. 432 (Jan. 1959) "Test Procedure for Toroidal 
Magnetic Amplifier Cores" has been used. 
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PART 111 
General Definitions of Terms 
Pertaining to the science of sound. 
Aluminum Foil 
Thin aluminum material less than 0.006 inch thick. 
Aluminum Strip 
Aluminum strip is greater than 0.006 inch thick. 
Atomic Ordering 
Forming a superlattice which is an ordered arrangement of atoms in 
a solid solution superimposed on the normal solid solution lattice. 
Base Line Property 
Those initial magnetic, physical o r  mechanical properties that a re  
normally present at room temperature, i. e. - saturation induction, thermal 
expansion, tensile strength. 
B. C. C. 
Body centered cubic structure. 
Bloch Wall 
The boundary between adjacent domains of different magnetization vectors 
o r  anti-parallel electron spins in which the electron spins of each atom in the 
wall are slowly changed so as to affect the complete change in magnetization 
vectors between adjacent domains. The Bloch wall width is determined by the 
individual ferromagnetic material and is a discrete width. The energy of the 
wall is variable depending upon the angle between adjacent domains and the 
crystallographic plane of the wall. 
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Centistoke 
A unit of kinematic viscosity. 
Critical Temperature 
The temperature at which a change in crystal structure, phase or 
physical properties occurs under constant pressure conditions. 
Converter 
A device which changes or converts a-c current to d-c current. 
Disordered Structure 
The crystal structure of a solid solution in which the atoms of different 
elements are randomly distributed with respect to the available lattice sites. 
Domain 
A small region, in ferromagnetic materials, where the atomic magnetic 
moments are all aligned parallel to one andher. 
Dose (Integrated Flux) 
The total radiation exposure to which the specimen has been subjected 
(expressed as the number of particles per square centimeter). 
Double Window Transformer 
A transformer built from laminations from which two square openings 
have been punched. 
Doubly Grain-Oriented Silicon Steel 
An iron base alloy containing about 3 percent silicon where the phase that 
is present (Q iron) is body centered cubic. The individual re-crystallized 
grains of this alloy are oriented such that the cube face plane is in the plane 
of the material and a cube edge direction is parallel to the rolling direction. 
F. C.  C. 
Face centered cubic structure 
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Field 
The space where an electric or magnedc force is being exerted. 
High Vacuum (Space Vacuum) 
higher than torr (mom. Hg). 
Inverter 
This term, as used in this report, refers to a vacuum equal to or  
A device which changes d-c current to a-c current. 
Isotropic 
Having the same properties in all directions. 
Magnetic Field Annealing (MFA) 
as to align the magnetic domains in a direction parallel to the field. 
Magnetostriction 
Annealing a magnetic material in the presence of a magnetic field so 
A change in the dimensions of a body when magnetized. 
Neutron 
One of the elementary particles which, together with the proton, com- 
prises the nucleus of all elements. It has no charge. 
Ordering Temperature 
The temperature at which atomic ordering of different elements occurs. 
Proton 
One of the elementary particles which, together with the neutron, 
comprises the nucleus of all elements. It has a positive charge. 
Resistivity, Electrical, P 
Electrical resistivity of a material. 
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Rowland Ring 
A continuous ring of magnetic material of uniform radial width and 
cross-sectional area with no joints or  welds. The ratio of its mean diameter 
to its radial width is ten to one or greater. 
Singly Grain-Oriented Silicon Steel 
An iron base alloy containing approximately 3-1/4 percent silicon where 
the phase that is present is body centered cubic airon. 
The individual recrystallized grains of this alloy are oriented in the 
rolling direction such that the cube edge direction and the rolling direction 
are parallel. The face diagonal plane is in the plane of the material. 
Stress Relief Annealing (SRA) 
Heating to a suitable temperature, holding long enough to reduce residual 
stresses and then cooling slowly enough to minimize the development of new 
residual stresses. 
Structure Sensitive Properties 
The properties that are structure sensitive in magnetic materials are 
permeability ( CI), coercive force (He), and hysteresis loss (ph). The factors 
that affect these properties are composition, impurities, strain, tempera- 
ture, crystal structure and crystal orientation. 
Tape 
A thin strip of magnetic material 
wound into the shape of a round core. 
a few mils thick which is normally 
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